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CRS footprint [SYN gridded] product has [will have] fluxes
at surface, 500-200-70 hPa, and TOA,cloud & aerosol forcing
[and surface UVA, UVB]



FSW_Ed2A Terra FM1 May 2000 , Atm. Flux Convergence LW Cloud Forced

Mean = -0.83
Stddev = 21.88
Count = 43938

Fri Sep 17 13:59:24 2004



o Reanalysls WCEF /MEAR

NOwa—CIRES ACllmata Olognostics Cante

FSW_Ed2A Terra FM1 May 2000 , Atm. Flux Convergence LW Cloud Forced

] 1200 1

‘21 Campaslte Mean A00mb dmeago (Pa -

o 5/31/00 5/1/00 ¢ Sodev= 2108
02 0.4 [VEi3 0B VR 1 —04as =904 =002 ] 0. Fri Sep 17 13:59:24 2004

Size 40%
Left crop L 4.20”
Right crop L 1.15” R 3.65”



CERES Surface and Atmospheric Radiation Budget (SARB)

CRS (footprint)/SYN (gridded) product has fluxes
at surface, 500-200-70 hPa, & TOA, cloud & aerosol forcing

Inputs: SSF (TOA flux, clouds, aerosols), NWP meteorology,
MATCH, aerosol assimilation, NCEP O3
Langley Fu-Liou 2 stream SW
2/4 LW with Kratz-Rose window
Kato gamma-weighted t

Adjustments (tuning) to PW, UTH, skin T, aerosol T,
cloud LWP/IWP, cloud fraction,& cloud height

A priori uncertainties assigned to each adjustable parameter
Mininum sum of squares of normalized differences between
(1) computed TOA fluxes & adjusted inputs

and
(2) observed TOA fluxes & initial inputs



Viewing geometry of Surface and Atmophere Radiation Budget (SARB)
Output levels at 500 hPa, 200 hPa, and TOA not drawn

z
7’
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70 hPa (altitude ~18 km)

Cirrus

\«Li%g) —=, MODIS pixels (~1km) give cloud properties
~in larger broadband CERES footprint

stratus

Vertical profile of fluxes (SARB)
from Langley Fu-Liou code with
MODIS clouds and GEOS sounding

< ~20-50km >



Input data for computing SARB vertical profile at ~2,000,000 footprints/day

Absolutely no ground-based radiometric data are used for input

NCEP 03(z)

Mostly from SBUV/2
ostly from 70 hPa (altitude ~18 km)

\—fii%))\% MODIS ~1km pixels provide
GEOS4 T(z), q(z), surface wind Cloud properties (almost always)
Wind speed affects ocean surface albedo Aerosol AOT (sometimes)

Land skin temperature (if clear)

MATCH aerosols Surface

Always used for SSA & g
Used for AOT if no MODIS AOT
<

~20)- » Large CERES footprint
20-50 km for TOA flux



CERES CRS: Surface and Atmosphere
Radiation Budget (SARB) Product

Tuned fluxes at all 5 levels
All-sky & Clear-sky, Up & Down,
SW and LW

Surface & TOA also have Untuned fluxes
Fluxes with aerosols :I
Pristine fluxes (no aerosols)

Aerosol forcing for
all-sky & clear-sky

200 hPa

Tuning does NOT yield a perfect
match to TOA observations.

500 hPa

Parameters adjusted when clear:
Skin temperature, aerosol AOT,
precipitable water (PW)

Surface

Parameters adjusted when cloudy:
LWP/IWP, cloud top temperature,
cloud fractional area within footprint

< ~20-50km Terra ——



CERES SARB Aerosol Optical Thickness (t,): Daylight on 15 July 2001
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Criteripn: Q{00000 <= QERES solar zenith at surfoce {Wewing Angles) <= 90,0000

ORANGIH: Insgtantaneous MODIS (MODO04) Kaufman algorithm

PURPLE} Time interpolation from MODIS Daily Gridded Product

BLUE: MATCH (which uses MODIS as one input)



Aerosol types from MATCH on 15 July 2001
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Model for Atmospheric Transport and Chemistry (MATCH; Fillmore, Collins, Rasch) generates,

transports, assimilates MODIS T, , and removes species with wet &dry processes

As such models advance, application to ocean research may include arerosol deposition

to ocean surface and adjustment of atmospheric correction T, to satellite Chl



Coupled Ocean Atmosphere COART look up table (LUT
Radiative Transfer (COART) n o up abe ﬁ] )

Explicit scattering in both air & sea

(i.e., aerosols and phytoplankon) 0.5 Ocean surtace spectral albedo

Model and Observation Comparison For Qcean - CosSol=0.2
Surface Albeda at COVE (3—1-00 to 3—1-01) i
1 e - i
I + ] 0.2 L CosSol = 1.0
% + Model i
020 l‘i::-,;;f. % Observation a -
; § 0.15- -
2 L
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Wavelength{microns)

f(wind speed, cosSZA, tau)

Jin, Charlock, and Rutledge, 2002: Analysis of

broadband solar radiation and albedo over the ocean wind = 5m/s aerosol tau = 0.1
surface at COVE. J. Ocean. Atmos. Tech., Vol 19,

pp. 1585-1601.



TOA CRS vs. SARB (All Sky) 21-06-04
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Similar plots
are made for
a number of
cloud and
surface
conditions.

y axes: model
X axes: observations
color: population



Surface sites in CAVE surface validation

ARM (22 Sites)

CMDL (7 Sites)

BAR, BER, BOU, KWA,

SAM, MLO, SPL

SGP(20) & TWP(2) s

program

BSRN (12 Sites)
ASP, DAA, FLO, GVN,
LAU, LIN, NYA, PAY,
SBO, SYO, TAM, TAT

Other Sites (6 Sites)

SSV, COV, KAS, SIR,

VAS CAB

SURFRAD (7 Sites)
BON, DRA, FPK, GWN,
PSU, TBL, SXF




SARB Surface Flux Validation

(Terra, 20 Months of CRS Ed2A)

Downward Tuned Surface Flux Biases (Model-Obs)(W/m2) SFC Aerosol Forcing

All Sky Clear Sky Clear-Pristine  SW

LW SW LW SW SW CNA*
ARM/SGP -9 +8 -10 +4 -19
Island Sites -4 +33 4 -14
Polar Sites +10 4 -6
SURFRAD -6 +13 +5 -17
Coastal +1 +15 -3 -23
Validation Sites -5(24) +13(93) -9(18) -3 (34) -16

Upward Tuned TOA Flux Biases (Model-Obs)(\WW/m2) TOA Aerosol Forcing

All Sky Clear Sky Clear-Pristine SW
SW LW SW LW

ARM/SGP
Island Sites -0 +3
Polar Sites +2 +1
SURFRAD +1
Coastal +1 +9
Validation Sites +1(5) +2(12) -1(3)

* Difference model run with clouds and aerosols and model run with clouds, no aerosols.




Mismatch of surface albedo and surface insolation in SARB.

We retrieve surface albedo for clear CERES footprints ~10-
100km

4

Surface insolation measured at a point is affected by surface albedo.

Clear sky: surface albedo impact on insolation is small.

Relevant albedo scale is ~10km ¢ 500 hPa at ~6km
? 50% of Rayleigh
R scattering to
r~ . ¢ surface comes

from above 5 km
Cloudy sky: surface albedo impact on insolation can be
large. Relevant albedo scale is ~2 X cloud base height.

Overcast: d(SfcAlb) 0.1 ~ d(Ins) 30 Wm-2

Not a problem at /\>‘\ \A\ P

COVE sea platform, 7

where we know the Cloud base 2km
surface albedo.




COVE

CERES Ocean
Validation Experiment

Rigid sea platform
Continuous
Long-term
Well calibrated
AERONET aerosol
NOAA wind and waves
BSRN surface
radiation

looks DOWN at sea

At COVE:

SW up (time mean)
approximately equals

SW up (space mean)

Various short/medium
term measurements:
SP1A for upwelling

SW spectral radiance
Ocean ontics (ODL))

=
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Down SW Flux at Surface
1200

1000
a0

600 -
«“‘.r X clear

400 E ok + partly cloudy
<> overcast

C RS Sk 3W Down (Wm-2)

a0 P

o i
i 200 400 GO0 EOO 1000 1200
CAVE Obs Sfe SW Down (Wm-2)

Surface Insolation at COVE
Year 2001 (Terra CRS Edition 2A)

Observed  Bias Samples
Wm-2 Wm-2

All-sky 536 -8 214
Clear-sky 662 -2 14

Bias = (Retrieved - Observed)



CAVE Data Info &
Yalidation Results

Ohverview and
Site Map

Plot CAVE Data
On Line

Validation Plots
&; Statistics

Publications

Cloud Fraction
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Updates
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i

Global Coverage
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Referencing CAVE data

Radiation Transfer
& Related Links

COART Ocean
RT Model

Ocean Albedo
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Fu & Lion

CLAMS

LULDE Balloon
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Site Map

http://www-cave.larc.nasa.gov/cave
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r'Ll Metscape: COART {(Coupled Ocean Atmosphere Radiative Transfer Model)
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Coupled Ocean and Atmosphere Radiative Transfer (COART) a

This is a tool for vou to calculate the radiances and irradiances (flux) at any levels in the atmosphere and ocean. Specify the input parameters simply by
clicking the buttons and changing the default numbers in the table. More information here.

Select calculation type and Output levels:

_ On line Coupled
B e T Ocean Atmosphere

“Spectral fluwres (Wa’mza’mn) at rultiple wavelengths from 4. umto | wn at every

Integrated fluxes {(W/m?) from 0.4 to D.7 um in Spectral resolution of D.o1 umn, Felter;  Flat{MNo filter) — | Ra dia tive TranSfer
“Broadband shortwave (0.25—4 Ourn) fluxes (Wa’mzj. (it is under working, not implemented yet!) . .
(Zhonghai Jin)

“Radiances (W/m>Aumn/Sr) at wavelength .55 {umy).

.40 0.50 i atevery |

“*Radiances (W/mZAm/Sr) at multiple wavelengths from |- um to 0.03

urn,

7 Want to include the Water-leaving radiance output ? ~yes “no

SW spectral
oR Oan cornputational zenith angles;
Azimuth {deg) OR Eatevery| 70+ 0 (degfrom |00 o/ 180.0 radlances
*Note: Computaton tirne is not related to the mumnber of output angles here, How the angles are defined?
and fluxes

Radiance output directions: E0.0

at Zenith (deg)

30.0

Output at: |-TC'AJ rSurfaceJ J7|:10.0 km zbove surface, and it -0 (m) below surface; OR Jallevelsin aimosphere.

Solar Zenith Angle Calculations

0 Longitude (degs E): |~ 2 11

36.91

Julian Day: |20 GMT howr): 4 8- 290 Latitude (degs N):

~IWhen checked, ignore Time and Location above and input your Solar Zenith Angle {deg): 50.0

Atmosphere

Select an atmospheric model = 1Mid-Latitude Suramer —

I7 When checked, use reduced number of atmo spheric layers to save computation time ( not recornmended for UW),

|§| 100% of 17K (at 259 bytes/sec)




r'Ll Metscape: COART {(Coupled Ocean Atmosphere Radiative Transfer Model)

File Edit View Go Communicatar

Help
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= [88% of 17K (stalled)

/
7 When checked, use reduced number of atmospheric layers to save computation time ( not recommended for UV), O l L C I d A
| _ . n line Couple

_ When checked, input your total integrated precipitable water (g/iem®):

~ When checked, input your integrated ozone amount (atim-cm): A.350 {1 atmn—cm=1000 Dobson) Ocean A tl ’ , OSphere

Fou can also change these trace gas amounts by a factor (1.0 for no change) of ——> CO4: 1.0 CH,: 2.0 Ra dia tive Transfer

Select Mixed layer aerosol:  WPAC maritime polluted 4 | and Stratospheric aerosol : No aeroscl = |

Select amethod to specify acrosol loading:

by Visibility (km): |7 -9 @by AOT at05um: [ 929 L by AOT 2t0.550m |9 - 20

~When checked, input aerosol optical properties in the table below {notrequired to fill &1l elements, undefined mumbers will be fit in by the selected model abowve):

Atumn): T

Select aerosol

7 R P R R R P P PR P ] ]

optical properties
g: N
Ocean
| Select wind speed

Wind speed{m/s): Depth (m): Bottom albedo: Chl (mg/m*): {Chlorophyll)

Particle scattering coefficient (m'lj: bp(pbl.)= bu(SSOJ'A)"x[Chl]k,- Inputb": 0.30 S $.6 and K: 0.6z Chlorophyll

Particle scattering phase function  Petzold Average(bb/b=0019) | If use F-F func., input bh/h: phase fun CtiOn

~ When checked, input absorption A(m™ l] : (Cwverride the default parameterization)

L When checked, input your a440ppg(mY): Y 20 (DOM absorption coefficient at 440nm)

~ When checked, ignore surface roughness and assume Flat ocean surface.

Submit Form | =

Reset Form ... Not clear on some input? Read "The Input” section Her;

©Tust submmitted and got CONVERGENCE problem? then try  Mothing, thanks — | and resubrmit.

For comments/questons contact Zhonghar Jin: ZIIN@larcnasa.gov, but to read this NOTE first may help you ]




CLAMS: Chesapeake Lighthouse and Aircraft Measurements
for Satellites July 2001 CERES-MODIS-MISR-GACP
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Comparison of modeled and aircraft measured spectral
albedo over COVE.
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CAVE Validation, Edition 2a, 2b Summary




Change in Surface Albedo

Surface Albedo Mar 2000 Ed2B-Ed2A

-0.10 -008 -006 -004 -002 000 002 004 006 003 0.0
Surface Albedo

Mean = 0.00
Stddev = 0.02
Count = 44012



SARB vs. MODIS Albedo Jul
2001

SARB
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